This paper aims to analyze the geographic distribution of air pollutant concentrations in Basra Province, Southern Iraq, and to cartographically determine the spatial variation of air pollution levels as well as to recognize the hottest spots of air pollution within the study area, and conclude that the levels of air pollution in the study area are spatially varied, with an irregular spatial pattern and some hotspots.
Introduction
Air pollution may be defined as any atmospheric condition in which certain substances are present in such concentrations that they can produce harmful effects on man and his environment. An air pollutant, however, is any gas or substance (such as SO x , NO x , CO, and HCs) or particulate matter (such as smoke, dust, fumes, and aerosols) that leads to ambient air contamination. A pollutant may originate from natural or anthropogenic sources, or both. Pollutants occur throughout much of the troposphere; however, pollution close to the earth's surface within the boundary layer is of most concern because of the relatively high concentrations resulting from sources at the surface [1] [2] .
Air pollutant concentrations depend mainly on the total mass of pollution emitted into the atmosphere, to-gether with the atmospheric conditions that affect its fate and transport. Obviously, air pollution has many and varied sources, including cars, smokestacks, and other industrial inputs into the atmosphere as well as wind erosion of soil. Large emissions from both anthropogenic and natural sources over long periods enhance concentrations, as do the chemical and physical properties of these pollutants. For example, when nitrogen oxides and hydrocarbons in car exhaust are emitted into warm, sunlit air, they readily form ozone molecules (O 3 ). Similarly, the solubility of a pollutant affects how efficiently it is removed by rainfall. In addition, atmospheric conditions have a major effect upon pollutants once these pollutants are emitted into (e.g., nitrogen oxides from car exhaust) or formed within (e.g., O 3 ) the atmosphere. Pollution dispersal is controlled by atmospheric motion, which is affected by wind, stability, and the vertical temperature variation within the boundary layer. Stability, in turn, influences both air turbulence and the depth at which mixing of polluted air takes place ( [2] ; see also [3] - [7] ). In the study area (Basra province), located in southern Iraq, air pollution is of major public concern, which is currently the object of extensive scientific research. Studies of Al-Asadi [8] , Al-Mayahi [9] , Al-Imarah et al. [10] , Al-Saad et al. [11] , Garabedian [12] , Al-Hassen [13] , Qassim [14] , Douabul et al. [15] , Sultan et al. [16] , Karmalla et al. [17] , Abdullah and Hussien [18] , and Al-Hassen et al. [19] , are an example of some local-scale research in this respect.
The study area is rich in petroleum and many existing industrial and human activities as the main sources of gaseous emissions around it (Figure 1 ). These are emission sources to contaminate the ambient air in Basra. According to above mentioned studies, Basra was recorded, in the last two decades, high quantities of gaseous emissions causing elevated levels of outdoor air pollution, and that concentration of some air pollutants was at risk to the public health. One of the most important driving forces is atmospheric conditions in this region. The previous studies, however, are focused on values of gaseous pollutant concentration and its implications on the human health in the study area; thus the objective of the present study is to spatially analyze the geographic distribution of air pollutant concentrations in Basra, and to cartographically determine the spatial variation of air pollution levels on the map of this region. The major aim is to recognize the hottest spot of air pollution within whole areas of Basra province.
Basra has a hot desert climate (Köppen climate classification BWh), like the rest of the surrounding region, though it receives slightly more precipitation than inland locations due to its location near the coast. During the summer months, from June to August, Basra is consistently one of the hottest cities on the planet, with temperatures regularly exceeding 40˚C (104˚F) and approaching 45˚C (113˚F) in July. In winter Basra experiences mild weather with average high temperatures around 20˚C (68˚F). On some winter nights, minimum temperatures are below 0˚C (32˚F). High humidity-sometimes exceeding 90%-is common due to the proximity to the marshy Persian Gulf [20] .
Materials and Methods
As shown in Figure 2 , seventeen sampling stations were chosen in the study area. The selected stations divided to cover the eastern and western region within the study area, and the geographic distribution of sampling stations was taken in consideration in the vicinity of human settlements and involved a variety of local environments (see Table 1 ). Table 1 and Table 2 . The selected stations were in order to monitor the concentrations of gaseous pollutants released into ambient air of the study area. A variety of gaseous pollutants such as carbon monoxide (CO), carbon dioxide (CO 2 ), sulfate oxides (SO x ), nitrogen oxides (NO x ), ozone (O 3 ), petroleum hydrocarbons (HCs), methane (CH 4 ), hydrogen sulfide (H 2 S), and formaldehyde (HCHO), measured in this work. Concentrations of HCs, NO x , SO x , HCHO, O 3 , and CO 2 measured using the portable detection instrument of Drager Chip-Measurement System, Germany, whereas the portable instrument of RK1 Gas Monitoring Eagle II, USA, detected the pollutants of CH 4 , H 2 S, and CO.
Fieldwork carried out during a one daytime of spring 2015, and all measurements were done at the same time in purpose of obtaining on readings approaching to reality. Therefore, the working team divided into two groups, one of them work in the eastern region (Midaina, Qurna, Dayer, Garmatt Ali, Ashar, Abo Khaseeb, Seeba, Faw, and Ras Absha), while the other group work in the western region (Shatt Al-Basra, Burchesya, Petrochemical plant area, South Gas Plant area, South Gas Plant area, Safwan, Khor Al-Zubayer, Gas terminal, Umm Qasr). The procedure of measuring was as described by Douabul et al. [15] . Table 2 lists the obtained results for concentrations of some air pollutants in the given study area and period. These concentrations recorded from the direct readings displayed on the screen of both employed detectors. The values were adjusted in a statistic form to make a more geographic mode. Thus, the values have been graphically and cartographically represented in Figure 3 and Figure 4 , respectively. In this study, data analysis and explanation will conducted in the terms of each given element with the emphasis on spatial variation and geographic distribution of air pollution, as follows:
Results and Discussion
1) Carbon monoxide (CO) is a colorless, odorless, and tasteless gas that is slightly less dense than air. It is toxic to humans when encountered in concentrations above about 35 ppm. In the atmosphere, it is spatially variable and short lived, having a role in the formation of ground-level ozone [21] . Index means a sum of values for the selected parameters divided by its number. It may be expressed, in the other meaning, the intensity of pollution. Table 2 and Figure 3 & Figure 4(a) , the Burchesya sampling station records the highest value of CO is 40.23 ppm, while the lowest is 2.52 ppm in Ras Abasha station. The mean concentration of CO is 15.30 ppm within the all sampling stations.
As listed in
2) Carbon dioxide (CO 2 ) is a colorless, odorless gas vital to life on Earth. Carbon dioxide exists in the Earth's atmosphere as a trace gas at a concentration of about 0.04 percent (400 ppm) by volume. It is present in deposits of petroleum oil and natural gas [22] . Table 2 and Figure 3 & Figure 4 (b) report that the maximum concentration of CO 2 is 310.27 ppm recorded in the Burchesya sampling station, while the minimum concentration is 180.32 ppm in the Ras Abasha station. In general, the sampling stations in the eastern region of the study area registers values higher than those that in the western stations. The mean concentration of CO 2 is 235.61 ppm.
3) Nitrogen oxide (NO x ) is a prominent air pollutant; it may refer to a binary compound of oxygen and nitrogen, or a mixture of such compounds. This reddish-brown toxic gas has a characteristic sharp, biting odor and is a prominent air pollutant [23] . Table 2 and Figure 3 & Figure 4 (c) indicate that the highest concentration of NO x registered in the study area was 40.23 at the Burchesya sampling station, this may be a record value to compare with given in the previous studies yet. The lowest concentration was 0.42 in the Ras Abasha station. The mean concentration of NO x is 1.15 ppm. 4) Sulfur oxide (SO x ) refers to many types of sulfur and oxygen containing compounds such as SO, SO 2 , SO 3 , S 7 O 2 , S 6 O 2 , S 2 O 2 , etc. SO x is a toxic gas with a pungent, irritating, and rotten smell [24] .
In this study, as shown in Table 2 and Table 2 .
(g) (h) (i) Figure 4 . Cartographic representation of the concentrations of air pollutants measured in the study area. Data based on Table 1 .
5) Hydrogen sulfide is the chemical compound with the formula (H 2 S).
It is a colorless gas with the characteristic foul odor of rotten eggs; it is heavier than air, very poisonous, corrosive, flammable, and explosive [25] . Table 2 and Figure 3 & Figure 4 (e) refer to the highest value of H 2 S recorded in this study was 6.24 ppm in the Burchesya sampling station, while the lowest value was 1.21 ppm in the Ashar station. The mean concentration is 2.19 ppm. 6) Hydrocarbon (HCs) is an organic compound consisting entirely of hydrogen and carbon. Hydrocarbon poisoning such as that of benzene and petroleum usually occurs accidentally by inhalation or ingestion of these cytotoxic chemical compounds [22] .
HCs gas concentrations in the study area were high, in general. The maximum concentration is 31.23 ppm registered at the Seeba sampling station, whereas the minimum concentration is 1.62 in the Midaina station. The mean concentration of HCs is 14.01 ppm, as shown in Table 2 and Figure 3 & Figure 4(f) .
7) Methane is a chemical compound with the chemical formula (CH 4 ). It is the simplest alkane and the main component of natural gas. Methane is not toxic, yet it is extremely flammable and may form explosive mixtures with air [26] .
The highest values of CH 4 , as indicated in Table 2 and Figure 3 & Figure 4 (g), were concentered in places with the petroleum industry and exploitation within the study area. The maximum concentration, however, is 25.68 ppm in the Seeba station, while the minimum concentration is 5.54 ppm in the Ras Abasha station. The mean concentration of CH 4 is 12.58 ppm.
8) Formaldehyde (HCHO) is a colorless, highly toxic, and flammable gas at room temperature that is slightly heavier than air. It has a pungent, highly irritating odor that is detectable at low concentrations, but may not provide adequate warning of hazardous concentrations for sensitized persons [27] . Table 2 and . It is a pale blue gas with a distinctively pungent smell. This same high oxidizing potential, however, causes ozone to damage mucous and respiratory tissues in animals, and also tissues in plants, above concentrations of about 100 ppb. This makes ozone a potent respiratory hazard and pollutant near ground level [28] .
In the study area, as shown in Table 2 and Figure 3 & Figure 4 (i), the concentrations of ground level ozone (O 3 ) were largely varied within the selected sampling stations. The highest value is 0.23 ppb in the Seeba station, whereas the Ras Abasha station register the lowest value is 0.01 ppb. Thus, the mean concentration of O 3 is 0.08 ppb.
In general, the concentrations of air pollutants registered in the study area were spatially varied, it seems somehow a random pattern of distribution in the terms of each pollutant (see Figure 4) . However, an overall spatial pattern may be drawn by using the index of pollution showing in Figure 5 based on Table 2 . This index is a result of summing all values of each element dividing by its numbers, the resulting value is an approximate indicator of the spatial concentration of a pollutant. To simplify explaining the causes of spatial variation in pollutant concentrations, the mentioned Table 1 lists the major gaseous emission sources affecting air quality in the study area.
(a) (b) Figure 5 . Geographical distribution of the levels of air pollution in the study area according to index of pollution. Data based on Table 2 . Data based on Table 1 .
